During the past years, some numerical simulations of water flow over simple stepped spillways were presented. In this study the numerical simulation is focused on a new configuration of stepped spillway in which steps are circular and look like a bow. The governing equations for unsteady turbulent two phase flow including continuity and momentum are solved using a finite volume discretized method code. To consider free surface flow, the volume of fluid (VOF) technique is used and the standard   k closure is proposed to model the turbulence. After a lot of case studies two new formulations is achieved to calculate the dissipation of energy in circular stepped spillways and to deduce the type of flow, which is skimming, nappe or transition flow regimes.
http://www.ispacs.com/journals/cacsa/2014/cacsa-00031/ International Scientific Publications and Consulting Services inclined and stilled stepped spillways and compared their results with laboratory results and other numerical solutions. They have shown the numerical studies are robust enough to model all kinds of stepped spillways. In this paper the authors present a new configuration, cup stepped spillway, and numerically simulate this new configuration with using a finite volume code with the   k closure to model the turbulence unsteady flow. The volume of fluid (VOF) method is an interface capturing scheme that has been used to model the free surface flow [7] . After a complete parameter study two new formulations are presented for dissipation of energy and finding the type of flow. where  is the density, P is the pressure,  is the molecular viscosity, t  is the eddy viscosity which is determined by   k closure model and F is any external forces.
Preliminaries and notations

Governing Equations
Let U  be the velocity vector field, then the incompressible continuity equation is:
Note that the dynamic condition, i.e., continuity of pressure at the interface is automatically implemented. The kinematic condition, which states that the interface is convicted with the fluid, can be expressed in terms of volume fraction C as follows [7] :
In the VOF method, the interface is described implicitly [7] , the data structure that represents the interface is the fraction C of each cell that is filled with a reference phase, say phase 1. The scalar field C is often referred to as the color function. The magnitude of C in the cells cut by the free surface is between 0 and 1 (0<C<1) and away from it is either zero or one.  and  at any cell (denoted by ij) can be computed using a simple volume average over the cell :
where the subscripts L and a denote Liquid and air respectively.
Main section
Numerical results and discussions
At first a classical test which is the flow over a step is solved. The geometry, dimensions, flow field and the reattachment length of the circulation zone downstream of the step is depicted in Fig. 1. Fig. 2 shows the International Scientific Publications and Consulting Services boundary conditions of this problem. To check the accuracy of this numerical analysis, the numerical velocity at x position of .05 meter from the step, versus y (depth of the flow) are compared with the laboratory data in Fig. 3 , and shows a good agreement. In table (1) the numerical reattachment length ( r X ) is compared with laboratory reattachment length [8] and shows only 6.97% error. For Showing the robustness and versatility of the used code, stepped spillways similar to the laboratory model of Salmasi's [9] with discharge flow of 0.025 to 1.366 m 3 /(sec. m) was solved. In this setting the number of steps is 5and 10 and the height and length of steps are equal to 0.1722 (m) and 0.85 (m) with a chute slope of 45 degree. The energy dissipation in both laboratory and numerical methods were compared in the table 2. The percentage of error between these two methods is 5.8% to 0.1% which shows a good agreement. Figure 5 shows velocity vector field in the domain. In fig. 6 the vortices which dissipate the energy in each step are shown in one step typically. Table 3 shows some notations that is used in this example. As it is depicted in fig. 7 the regions are separated for indicating boundary conditions. Part A is set as velocity inlet. Parts E, B and C are set as zero gage pressure, part D is defined as solid wall and F is the initial setting of water surface. In this study three sets of stepped spillways with "N" equal to 4, about the results a formula to calculate the amount of energy dissipation over a cup stepped spillway is introduced. Table 4 is a complete result with all parameter changes. In Figure 8 , the difference between three categories of flow over a cup stepped spillway is shown. Fig. 9 shows the velocity vector in nappe flow and Fig. 10 shows the velocity vector in skimming flow. The difference between the velocity vectors in this two flow fields are obvious. Fig. 11 depicts a typical pressure field in a cup stepped spillway. , therefore the flow is Nappe flow.
Conclusion
With respect to the results computed for near 100 cases under different conditions in the present study, the following results can be concluded:
1-The numerical simulations are robust enough to yield appropriate results. 2-In the present research, new equation (3.6) is proposed to calculate the amount of energy dissipated over cup stepped spillways, and new equation (3.7) is presented for determining flow type. 3-Cup stepped spillways are more efficient in dissipating energy in comparison with simple stepped spillways. http://www.ispacs.com/journals/cacsa/2014/cacsa-00031/ International Scientific Publications and Consulting Services 5-Increasing the number of steps in cup stepped spillways with constant chute slope angle and height of the dam severely affects the workability of spillway in dissipating energy. 6-Increasing the diameter of steps with constant chute slope angle and height of the dam reduces the amount of dissipated energy. 7-The maximum dissipation of energy occurs in low discharges.
